ABSTRACT
INTRODUCTION
Asian Indian people exhibit a high risk for the development of ischaemic heart disease (IHD) Insulin resistance is associated with the development of IHD and manifests as a constellation of interrelated risk factors as notably elevated triglycerides levels, reduced high-density lipoprotein (HDL) levels, central obesity, hyperinsulinaemia and an increased prevalence of diabetes type 2.(8) At a genetic level, explanations can be found in adverse gene-environmental interactions and the thrifty gene hypothesis.
(9) Furthermore, the rural-urbanization shift in South Asia has the same deteriorating effects on the risk profile and prevalence of IHD as the migration of Asian Indians to Western countries. (3, 10) There is a large Asian Indian community in the Netherlands (approximately 200,000 persons). This community mainly consists of migrants from Surinam, a former South American Dutch colony. Historically, the abolishment of slavery in 1863 was the start of migration of Asian Indians from India to Surinam. These migrants were contract workers on former plantations and were almost exclusively recruited from the Indian state Bihar. The declaration of independence of Surinam in 1975 initiated a second wave of migration of these Asian Indians, this time to the Netherlands. Nowadays, these immigrants and their offspring form a third to seventh generation of Asian Indians. As in other Western countries, these young generation Asian Indian descendants also exhibit higher rates of early onset cardiovascular morbidity and mortality in comparison with the native Dutch population. (11) Until now, most IHD risk studies in Asian Indians were performed in first and second generation Asian Indian expatriates. (5, 6, 10, 12, 13) To optimize preventive strategies in younger generations of this high-risk population, knowledge of the 132 current cardiovascular risk profile is crucial. Hence, we performed the SHIVA study (Screening of HIndustans for cardioVAscular risk factors).
METHODS

Design
SHIVA is a cross-sectional study, designed to assess the prevalence of conventional IHD risk factors and the ten-year Framingham risk scores of asymptomatic third to seventh generation Asian Indian migrants in the Netherlands. (14) All data were compared with a control group comprising healthy native Dutch hospital employees.
Every participant provided written informed consent. The institutional ethical committee approved the study protocol.
Study population
Asian Indian subjects (aged 18 to 60 years) were recruited at the Milan cultural festival held in The Hague in the Netherlands, in July 2004. This festival is organised annually and attended by 50,000 to 60,000 Asian Indians. Subjects were classified as Asian Indians if at least one parent's ancestor originated from the Indian subcontinent. Considering the ancestors emigrated from South Asia in the latter part of the 19th century, and based on one generation of 20 years, this group forms a third to seventh generation of Asian Indian migrants. Asian Indians born in the Indian subcontinent were excluded. The control group comprised healthy Dutch hospital employees (Medical Center Haaglanden, The Hague, the Netherlands). Dutch origin was defined as both parents being Dutch from European origin. Subjects were classified as asymptomatic when they did not have documented IHD, diabetes, hypertension or high cholesterol and were not receiving any form of treatment for any of these conditions. All others were excluded.
A total of 2102 study participants and 560 controls were screened. Of them 502 subjects (19%) were excluded; 120 due to unknown or neither Asian Indian nor Dutch origin; 122 Asian Indians because of unknown place of birth or born in the Indian subcontinent; 214 participants for not being asymptomatic; and 46 subjects who did not match the age range of interest (18 to 59 years). This left 1790 Asian Indians and 370 native Dutch subjects who were included in this analysis.
Procedures
Similar procedures were performed in both study and control group. The participants completed a short questionnaire, including age, sex, medical history, family history of cardiovascular disease, the use of medication, smoking habits, alcohol intake and time of last meal. A positive family history was defined as a father, mother, brother or sister who suffered from cardiovascular disease before the age of 60 years. Current smoking was defined as using tobacco in the previous six months before participating in the SHIVA project.
Standardized anthropometric measurements, including height, weight and waist circumference, were performed by trained nurses. The waist circumference was defined as the narrowest circumference above the iliac crest and below the ribs. A waist circumference of ≥94 cm (men) and ≥80 cm (women) was considered as outsized, a waist circumference of ≥102 cm (men) and ≥88 cm (women) was considered as central obesity. Body mass index (BMI) was calculated (kg/m 2 ), and overweight was defined as a BMI ≥25 kg/m 2 and obesity as a BMI ≥30 kg/m 2 .
Blood pressure was measured using an appropriately sized cuff in a sitting position. Hypertension was defined as a systolic blood pressure ≥160 mmHg and/or a diastolic blood pressure ≥90 mmHg. The cut-off value for systolic hypertension was set at 160 mmHg, while due to the setting, blood pressure measurements could be performed only once instead of serially. In addition, we also estimated the prevalence of subjects with the commonly used definition hypertension (systolic blood pressure ≥140 mmHg and/or a diastolic blood pressure ≥90 mmHg). (15) Laboratory measurements were performed using the Cholestech LDX ® analyser (Cholestech Corporation, Hayward USA). From 35 μl of blood, drawn from the finger, non-fasting total cholesterol, HDL cholesterol, triglycerides and glucose were measured. Low-density lipoprotein (LDL) cholesterol was estimated using Friedewald formula. (16) Very-low-density lipoprotein (VLDL) was estimated by dividing the triglycerides value by a factor of 2.2. A total cholesterol of ≥6.5 mmol/l was considered too high, and an HDL cholesterol ≤0.9 mmol/l too low. A non-fasting glucose of ≥7.8 mmol/l and ≤11 mmol/l was defined as impaired glucose tolerance. A non-fasting glucose of >11 mmol/l was defined as diabetes mellitus.
Data collection
All data were entered into a customized database, and the ten-year Framingham risk scores were calculated. (14) All participants received a printed copy of their risk assessment and, if necessary, personal lifestyle recommendations.
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Data analyses
Prevalence and mean of each risk factor were calculated for both groups. Since the age distribution was different between control group and study group, risk factor data of the control group were standardized for age by using the size of each five-year age group of the study population as weights. Standard errors of these standardized values were obtained by calculation of a weighted average of the variances in the age groups with the squared size of the age groups in the study population as weights. 95% confidence intervals (CI) of the differences between the two groups were calculated using the standard normal distribution.
To identify potentially modifiable risk factors in each age group, we assessed the prevalence of risk factors in each ten-year age group. Moreover, as healthcare workers may be more health conscious, we also mirrored our ten-year age group risk factor data with a Dutch population survey conducted on municipal health services 
RESULTS
Asian Indians on average were younger than Dutch subjects (men 35.8 years, 95% 
Prevalence of risk factors
Cardiovascular risk factors and blood chemistry measurements for both groups are shown in table 1. Asian Indians had a higher prevalence of a positive family history of cardiovascular disease, hypertension and diabetes compared with the control group.
Fewer Asian Indian women smoked compared with Dutch women. Both Asian Indian men and women were more overweight compared with the control group. Asian
Indian women were more frequently obese and had more central obesity. These differences were not seen in men.
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In both Asian Indian men and women elevated cholesterol levels ≥6.5 mmol/l were more prevalent compared with the controls. Asian Indians more frequently had a low high-density lipoprotein (HDL). Mean low-density lipoprotein (LDL), triglycerides and very-low-density lipoprotein (VLDL) levels were all higher in Asian Indians. Impaired glucose tolerance was more common in Asian Indians compared with the controls.
Among the Asian Indians 0.7% men and 0.9% women were diagnosed as de novo diabetes mellitus versus none in the control group.
Prevalence of risk factors per ten-year age group
To study the distribution of risk factors in each age group, prevalence of risk factors for each decade was determined in Asian Indians and Dutch subjects (table 2) .
Several risk factors were already present in a considerable proportion of subjects in each five-year age group for smoking and non-smoking Asian Indians. As many as 23% of smoking Asian Indian men aged 30-35 years had a risk >10%, whereas non-smokers all had a risk ≤10%. In the age group 50-54 years all of the smoking men had a ten-year risk >10%, and 77% had a risk >20%. In smoking Asian Indian women between 40 and 44 years 29% had a ten-year risk >10%; this was all above the age of 50 years. 
DISCUSSION
The key finding of this study is the striking unfavourable IHD risk profile present in young, apparently healthy third to seventh generation Asian Indians. Most of the earlier studies of cardiovascular risk in Asian Indians involved first and second generation migrants who were older than the subjects in this study. (5, 6, 10, 12, 13) However, knowledge of the IHD risk profile of younger generations is of utmost importance both for the development of prevention strategies and for the insight into the aetiology of IHD disease in this high-risk population.
Prevalence of risk factors
In comparison with the Dutch control group, Asian Indians more often had a positive family history for cardiovascular disease, hypertension, and diabetes. Furthermore, levels of total cholesterol, VLDL and triglycerides were higher, HDL levels were lower, and impaired glucose intolerance was more prevalent. These findings correspond with prior studies reporting a high prevalence of insulin resistance in Asian Indians. Prevalence of risk factors with respect to age 
LIMITATIONS
There are some limitations to be discussed. First, persons with cardiovascular disease in the family might have been keener to participate than those without, hence attracting volunteers with a higher risk profile for IHD than non-volunteers. A subanalysis in those without a known family history of cardiovascular disease resulted in similar results with slight variations due to the smaller sizes of the groups.
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Second, due to the setting, non-fasting blood samples were used for chemistry measurements in most of the study and control subjects. This affected the VLDL, LDL and triglycerides measurements.(25) Slight underestimation or overestimation of the prevalence of glucose intolerance and de novo diabetes can not be excluded.
In addition, blood pressure measurements were performed only once instead of serially, and white-coat effect also varies between different ethnicities.(26) Although the cut-off value for systolic hypertension was chosen higher than commonly used, overestimation of hypertension prevalence may have occurred.
Lastly, a recalibrated model for IHD risk prediction specified to Asian Indians does 
CONCLUSIONS
The results of this study demonstrate that conventional and modifiable risk factors are already present at a young age in a significant number of apparently healthy third to seventh generation Asian Indians. In order to modify this risk profile, and thereby to decrease the chance of subsequent early onset of cardiovascular events, screening followed by adequate treatment should start at a younger age than recommended in the current guidelines.
